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THE  INDOPHENOLOXYDASE  CONTENT  OF  TISSUES 
FROM  RABBITS  INFECTED  WITH 
PNEUMOCOCCUS.* 
BY  FLORENTIN  MEDIGRECEANU,  M.D. 
(From the Hospital  of  The Rockefeller Institute  for Medical Research.) 
The property of animal tissues to oxidize a  mixture of naphthol 
and paraphenylendiamine into indophenol was first demonstrated by 
R/Smann and Spitzer.  1  Since then it has frequently been used as a 
test for oxydases, both in plants and animals.  Recently Vernon  2 
has devised a method for using this reaction quantitatively and has 
applied it to a number of problems, such as the quantitative distribu- 
tion of the indophenoloxydase in various animal tissues, the relation 
of its action to lipoids, etc.  According to Battelli and  Stern,  3 in- 
dophenoloxydase belongs to  the  group  of  oxidizing agents  which 
probably play an important part in the respiratory processes in the 
tissues.  They  call  these  oxidizing  agents  oxydones.  The  oxy- 
dones are not washed away from the tissues by water; alcohol and 
trypsin destroy them easily; the maximum activity occurs at 4o  °  C. 
It seemed of interest to study the behavior of the indophenoloxy- 
dase of animal tissues during pneumococcus infections.  The prob- 
lem has a  bearing on the changes in the oxidation processes occur- 
ring in infectious diseases generally.  In the present paper are re- 
corded comparative figures showing the indophenoloxydase content 
of tissues  from  rabbits  that  died  of  general pneumococcus infec- 
tion and of tissues from normal control animals. 
METHOD. 
The rabbits were given intravenously 0.2 to 0.5  of a  cubic centi- 
* Received for publication, January  15,  1914. 
1 R6mann,  F., and  Spitzer, W., Ber. d. deutsch,  chem. Gesellsch.,  1895, xxviii, 
567. 
z Vernon,  H. M., four. Physiol.,  1911, xlii, 402;  1911-12,  xliii, 96,  1912-13,  xlv, 
197;  Biochem. Ztsehr.,  1912,  xlvii, 374. 
8 Battelli, F., and  Stern,  L., Compt. rend. Soc. de biol.,  1913, lxxlv, 212. 
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meter  of  a  freshly  prepared  virulent  pneumococcus  broth  culture. 
Death  followed  usually  after  sixteen  to  twenty-two  hours.  The 
normal  control  animals  were  killed  by a  blow  on  the  neck  at  the 
same  time  that  the  infected  rabbits  died,  or  within  one  to  two 
hours  later.  The  organs  from  both  the  infected  and  the  normal 
animals  were  taken  out,  prepared,  and  kept  under  the  same  con- 
ditions. 
The  estimation  of  the  indoph6noloxydase  content  was  made  ac- 
cording to Vernon's 4 method.  Five cubic centimeters of the reagent 
mixture,  containing  in  IOO cubic centimeters  a  solution of M/I,5OO 
a  naphthol  and paraphenylendiamine  and M/62o sodium carbonate, 
are  exposed  to  the  action  of  o.5  of  a  gram  of  the  finely chopped 
tissue  in  Petri  dishes,  8.8  centimeters  in diameter,  with  frequently 
repeated  stirring.  The  reagent  solutions  are  mixed  immediately 
before their addition to the minced tissue, and  for each test a  fresh 
pipette is used. 
The time of exposure was one half hour for the renal cortex and 
the  heart muscle,  and one hour  for the  liver tissue.  It  was  found 
that  this  period  of  time  is  sufficient to  obtain  definite  information 
in regard to the activity of the indophenoloxydase present. 
The  indophenol  formed  is  then  extracted  with  ten  cubic  centi- 
meters  of 96  per  cent.  alcohol  for  one  half  hour,  filtered,  and  its 
quantity  calorimetrically  estimated by diluting  a  certain number  of 
cubic centimeters of it with 50 per cent. alcohol to the depth of color 
of  the  standard  solution.  Test-tubes  of  the  same  diameter  and 
thickness must be used.  The standard solution is prepared by dilut- 
ing  1.4 cubic centimeters of the above mentioned reagent mixture to 
20o cubic centimeters with 50 per cent.  alcohol and keeping it three 
or four days, or until the maximum of color is reached.  It contains 
o.oi of a gram of indophenol in IOO cubic centimeters.  The stand- 
ard  solution  is  renewed  every week. 
A  large  number  of  experiments  have  been  made  under  various 
conditions.  The  more  constant  and  reliable  results  have  been ob- 
tained  with  liver,  renal  cortex,  and  heart  muscle.  They  are  re- 
corded  in  the  following  tables,  where  other  details  of  the  experi- 
ments  are  also  given. 
4 Vernon, H. M., loc.  cir. Ftorentin Medigreceanu.  3 
TABLE  I. s 
Pneumococcus Rabbit Died 2z Hours after the Intravenoua Injection.  Pneumo- 
cocci Present in Blood.  Normal Control Rabbit Was Killed at the Same Time. 
Percentage  of Indophenol Formed. 
Liver. 
Normal Pneumococ~ 
rabbit,  cus rabbit. 
I3.4  s  6.o 
9.x  <3.o 
z2.1  <3.0 
x2.x  4.0 
9.z  <3.0 
Renal cortex.  Heart muscle. 
Normal Pneumococ- Normal [  Pneumococ- 
rabbit,  cus  rabbit, rabbit.  I cus  rabbit. 
l 
Tissues keg  t in ice chest 
11.5  I  7-9  I7.5  ]  15.7 
Io.6  7.2  17.5  12.1 
z2.7  6.o  --  -- 
Tissues autolyzed at 37  ° CY 
xo.3  7.2  17.o  I5.7 
8.4  <3.0  x2.7  I  12.I 
Remarks. 
io to ii hrs. after death. 
30 to 3I hrs. after death. 
3 days later. 
xo to xx hrs. after death. 
Autolysis  at  37  °  C.  lasted  for 
ihr. 
3o to 31 hrs. after death. 
Autolysis at 37  °  C. of the liver 
and kidney tissues lasted for 2 ~4~ 
hrs.,  of  the  heart  muscle for  5 
hrs. 
TABLE  II. 
Pneumococcus Rabbit Died 22 Hours after Injection.  Pneumococci Present in" 
Blood.  Normal Control Rabbit  Was Killed  I  Hour Later. 
Percentage of Indophenol Formed. 
Liver. 
Normal  Pneumococ- 
rabbit,  cus rabbit. 
t3.4 
9.I 
6.6 
12.1 
9.1 
5.0 
Renal cortex. 
Normal 
rabbit. 
6.0  XL5 
<3.0  xo.6 
<3,0  xz.5 
4.0  xo.3 
<3.0  8.4 
<3.o  9.0 
Heart muscle. 
Fueumococ. Normal  Pneumococ- 
cus  rabbit,  rabbit, cus  rabbit. 
Tissues kept in ice chest 
7.9  I 17.5  15.7 
7"2  [  I7"5  x5.7 
5.4  -- 
Tissues autoly2ed at 37  ° C. 
7.2  17.o  :5.~ 
<3.0 
<3.0 
IZ.7  E2.: 
Remarks. 
Io hrs. after death. 
30 hrs. after death. 
I5 dys. later, 
zo hrs. after death. 
Autolysis at  37  °  C.  lasted  for 
Ihr. 
30 hrs. after death. 
Autolysis at  37  °  C. of  the  liver 
and kidney tissues lasted for 2 
hrs.,  of  the  heart  muscle for  5 
hrs. 
[5  dys.  later.  The  tissues have 
been kept in the ice chest since 
the !ast experiment. 
s The temperature at which the figures recorded  in these tables  were  obtained 
varied  between  22  °  and  28  °  C.  Each  normal  control:experiment  was  made  at 
the same time and under the same conditions as the pathological. 
s The  figures that  follow  are  not  corrected  for  the  spontaneous oxidation  of 
the  reagents  into  indophenol.  On  accoum  of  the  short  duration  of  the  experi- 
ments  (one  half  to  one hour)  the quantity  formed  is  negligible. 
7 The  autolysis at 37 °  C.  was carried  out in small Petri  dishes 4  cm. in  diam- 
eter,  hermetically  sealed with  vaselin, in  order  to  prevent  the  evaporation  of the 
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TABLE  III. 
Two  Rabbits  Have  Been  Inoculated  Intravenously  with  Pneumococcus  Broth 
Culture.  Death Followed after 40 and 4I Hours Respectively.  Normal 
Control Rabbit Was Killed z Hour Later. 
Percentage of Indophenol Formed. 
Renal cortex. 
Nurmal  [  Pueumococ-[ Pneumococ. 
rabbit,  cus  rabbit,  cus  rabbit. 
15.7  I5.O  I5.O 
9.1  <3.0  <3.0 
Heart muscle, 
Pneumococ-  Normal  cus  rabbit.  rabbit.  __ 
I5.7  12.0 
4.2  <3.0 
Remarks. 
22 and 24 hrs.  after death. 
Tissues kept in ice chest. 
22 and 24 hrs.  after death. 
Autolyzed  at  37  °  C.,  kidney tissue for 
7 hrs., heart muscle for I9 hrs. 
TABLE  IV. 
Pneumococcus Rabbit Died  x6 Hours after Injection.  Pneumococcl Present in 
Blood.  Normal Control Rabbit Was Killed 2 Hours Later. 
Percentage of Indophenol Formed. 
Liver.  muscle. 
Normal i 
rabbit. 
9.1 
<3.0 
qormal [ 
rabbit  Pneu- 
plus  [ mococ. 
pneumo-i  cus 
coccm  rabbit. 
ulture 
--  I0.9 
<3.0  <3.0 
....  Renal cortex.  Heart 
Normal 
I rabbit  Pneu-  Pneu 
No  t~aal [  plus  mococ- [Normal  mococ 
rabbit,  pneumo  cus  rabbit,  cus 
coccus  rabbit,  rabbit 
/cult  ....  i 
I0.9  --  9.6  13.9  I2.0 
9.I  9.I  4.2  lO.2  7.2 
Remarks. 
ro  to  I2  hrs.  after  death. 
Tissues kept in ice chest. 
lO  to  i2  hrs.  after  death. 
Tissues  autolyzed  at 
37  ° C.,  liver  and  kidney 
for 3 hrs., heart muscle for 
9 hrs. 
TABLE  V. 
Normal Rabbit.  All Tissues Were Kept at Room Temperature, 23* to 28" C. 
Percentage of Indophenol Formed. 
Liver.  Renal cortex.  Heart  muscle. 
Normal 
rabbit. 
I5.O 
I0.6 
9.6 
<3.0 
Normal rabbit 
plus pneumo- 
coCcus  culture. 
I5.0 
IO.6 
8.0 
<3.0 
Normal rabbit 
Normal  plus pueumo- 
rabbit,  coccus  culture. 
lO.8  zo.6 
7.0  7.1 
7.0  6.0 
<3.0  <30 
Normal rabbit 
Normal  plus  pneumo- 
rabbit,  coccus  culture. 
I8.6  x8.6 
I3.8  I7.4 
9.0  9.0 
Remarks. 
6  hrs. after death. 
20 hrs.  after death. 
44 hrs. after death. 
6  dys. after death. 
s One  drop  of  a  freshly  prepared  pneumococcus  broth  culture  was  added  to 
the  normal  tissue  in  all  similar  experiments. Florentin Medigreceanu. 
TABLE  VI. 
Normal Rabbit. 
Percentage  of Indophenol  Formed. 
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Renal cortex. 
Normal  Normal  rabbit  plus 
pneumococcus 
rabbit,  culture. 
14.1 
IO.  5  I2.O 
Heart muscle. 
Normal  Normal rabbit plus 
pueumococcus 
rabbit,  culture. 
27.0 
14.o  13.5 
Remarks. 
6  hrs. after death. 
6  Kept in ice chest. 
hrs. after death. 
Autolyzed at 37  °  C. for 3  hrs. 
TABLE  VII. 
Normal Rabbit. 
Percentage of Indophenol  Formed. 
Liver.  Renal  cortex. 
Normal rabb 
Normal  plus 
rabbit,  pneumococcus 
culture. 
Hea~ muscle__ 
Normal  rabbit 
Normal  plus 
rabbit,  pneumococeus 
cultttre. 
Normal  rabbit 
Normal  plus 
rabbit, pneumococcus 
culture. 
x7.7 
x8.o 
x9.o 
62.o  7.0 
Tissues kept in ice chest 
22.7 
19.o 
at 37  °  C. 
x9.3 
I2.7 
IO.  3 
Io.3 
xo.5 
Tissues atttolyzed 
9.0  9.0 
8.0  8.5 
Remarks. 
--  8 hrs. after death. 
--  I4 hrs. later. 
--  $  dys. later. 
zo.3  8  hrs.  after  death. 
Autolyzed  at  37  °  C. 
for 2  hrs. 
11.3  I4 hrs. later.  Autolyzed 
at 37  ° C. for 4 hrs. 
SU~IMARY  AND  CONCLUSIONS. 
I.  The action of indophenoloxydase is generally diminished in the 
tissues  (liver,  renal  cortex,  heart  muscle)  of  rabbits  that  die  of 
pneurnococcus septicemia.  The  diminution is  more  frequent  and 
marked in fhe liver and kidney than in the heart muscle. 
2.  The diminished activity of indophenoloxydase becomes more 
evident when the tissues undergo autolysis.  At 37 ° C. this ferment 
is much more easily destroyed in the tissues of the infected animals 
than in those  from normal control animals  (tables  I,  II,  III,  and 
IV).  Exceptions  are  rare  and  they occur  chiefly with  the  heart 
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3-  Normal rabbit tissues, inoculated in vitro  with pneumococcus 
culture, do not lose their indophenoloxydase much more quickly than 
do the normal controls, when they are kept either at room tempera- 
ture or at 37 °  C.  (tables IV, V, VI, and VII). 
4.  It  is  therefore  probable  that  the  diminished activity  of  the 
indophenoloxydase of tissues from rabbits with pneumococcus septi- 
cemia is not due to the presence of the pneumococcus in these tissues, 
but that it is associated with a pathological change in the animal cell 
during life. 